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(54) Domain divided liquid crystal display device. 

(57) A liquid crystal display device comprising 
different liquid crystal aligning domains in each 
of a plurality of unit regions for improving a 
characteristic of a viewing angle. In at least one 
of the liquid crystal aligning domains, 
molecules of the liquid crystal near the first 
alignment layer are aligned in a first pretilt 
direction and at a first pretilt angle and 
molecules of the liquid crystal near the second 
alignment layer are aligned in a second pretilt 
direction generally opposite the first pretilt di- 
rection and at a second pretilt angle. The first 
pr tilt angle is larger than th second pretilt 
angle so that molecules of the liquid crystal 
located intermediately between the first and 
second plates rise in accordance with the first 
pretilt angle when voltage is applied. This feat- 
ure can be wid ly used in combination with a 
suitably select d arrangement of th other li- 
quid crystal aligning domain for reducing rub- 
bing steps and photolithography steps. 



Fig. 1 




22 21 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 549 283 A2 



2 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a liquid crystal 
display device having different liquid crystal aligning 
domains in each of a plurality of minute unit regions. 

2. Description of the Related Art 

A liquid crystal display device comprises a liquid 
crystal panel having a pair of opposite transparent 
glass plates and a liquid crystal inserted between the 
glass plates. One of the glass plates has a common 
electrode and an alignment layer in the inner surface 
thereof and the other glass plate has a plurality of 
minute picture electrodes and an alignment layer in 
the inner surface thereof. Recently, an active matrix 
circuit with the picture electrodes is often formed in 
the latter glass plate. The alignment layers are treated 
by rubbing. In addition, polarizers are arranged on the 
outside of the glass plates, respectively. Usually, the 
polarizers are arranged so that the transmitting axes 
of the polarized light thereof are perpendicular to 
ach other (normally white mode). The present inven- 
tion is described below with reference to this normally 
white mode but it is needless to say that the present 
invention is applicable to a normally black mode (the 
transmitting axes of the polarized light are parallel to 
each other) regarding technically identical matters. 

In the liquid crystal panel, molecules of the liquid 
crystal are aligned with a pre tilt in accordance with 
the rubbing directions of the alignment layers in the 
glass plates. In the twisted nematic liquid crystal dis- 
play device in which polarizers are arranged perpen- 
dicular to each other, the rubbing directions of the 
alignment layers in the glass plates are perpendicular 
to each other, and molecules of the liquid crystal twist 
helically from one of the glass plates to the other. 
Thus, when voltage is not applied to the liquid crystal, 
molecules of the liquid crystal are maintained in a 
condition maintaining the initial twist and the initial 
pretilt, and the incident light rotatingly propagates the 
liquid crystal along the twist and emits therefrom. In 
this case, a white spot is obtained in a normally white 
mode in which the polarizers are arranged perpendic- 
ular to each other. When voltage is applied, molecules 
of the liquid crystal rise, and the action of the birefrin- 
gence of the liquid crystal becomes weak and the 
above rotating performance of the polarized light be- 
comes weak, so that it becomes difficult for the inci- 
dent light to transmit the liquid crystal display and a 
black spot is obtained. In this way, it is possible to 
form an entire image on the display having a contrast 
of brightness and darkness, by controlling the voltage 
applied to the liquid crystal. 

When the voltage is applied to the liquid crystal, 
molecules of the liquid crystal rise depending on the 



pretilt but all of the molecules of the liquid crystal be- 
tween the opposite glass plates do not rise identically; 
some part of the molecules of the liquid crystal near 
the glass plates are restricted by the alignment layers 

5 and rises slightly, and some of the molecules of the 
liquid crystal located intermediately between the 
glass plates rise. Accordingly, it is mainly the perfor- 
mance of the molecules of the liquid crystal located 
intermediately between the glass plates that forms 

10 the black spot when voltage is applied. 

Molecules of the liquid crystal have an elongated 
rod-like shape, and an action of birefringence differs 
when the polarized light impinges upon the liquid 
crystal from the direction of its long axis or from the 

15 direction of its short axis. Molecules of the liquid crys- 
tal do not rise perpendicular to the glass plates but 
rise at a certain angle relative to the glass plates. Ac- 
cordingly, when molecules of the liquid crystal rise at 
a certain angle and an observer views the display 

20 from various angles, the direction of the long axis of 
the molecules of the liquid crystal relative to the ob- 
server varies and a variation of the transmittance of 
light occurs, resulting in a change in the obtained 
grayscale. For this reason, the contrast of brightness 

25 and darkness in the image is reduced depending on 
the position of the observer. This is generally recog- 
nized as a characteristic of a viewing angle of the liq- 
uid crystal. 

To solve this problem, Japanese Unexamined 

30 Patent Publication (Kokai) No. 54-5754 discloses a 
liquid crystal display device having two different liquid 
crystal aligning domains in each of a plurality of min- 
ute unit regions. In this case, the direction of twist is 
different in the respective domains. Also, Japanese 

35 Unexamined Patent Publication (Kokai) No. 63- 
1066^4 discloses a liquid crystal display device hav- 
ing two different liquid crystal aligning domains in 
each of a plurality of minute unit regions. In this case, 
the direction of alignment is different in the respective 

40 domains. This domain divided liquid crystal display 
device may solve the characteristic viewing angle 
problem of the liquid crystal, by averaging two differ- 
ent viewing angle characteristics. 

However, to obtain a liquid crystal display device 

45 having two different liquid crystal aligning domains in 
a minute unit region, it is necessary to effect an align- 
ment treatment, i.e., a rubbing, to each of the align- 
ment layers in one direction and then in another direc- 
tion, using a mask or the like having minute openings, 

so and such an alignment treatment should be made 
twice for each alignment layer. Also, it is known to 
form th mask having minute openings on the align- 
ment layer by a photolithographic technique. A photo- 
resist is applied to the alignment layer, and minute 

55 openings are formed in the resist by a photolitho- 
graphic technique. The alignment layer with the resist 
is then rubbed by a rubbing roller and the resist is re- 
moved from the alignment layer. This operation is 
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then repeated with a resist having different minute 
openings and another rubbing. 

Accordingly, there is an increase in the number 
of manufacturing steps for obtaining the domain div- 
ided liquid crystal display device which presents a 5 
problem. Also, there is a problem in that the rubbed 
alignment layers are damaged by the subsequent 
photolithographic operations, and the quality of the 
alignment layers deteriorate. 

10 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide 
a liquid crystal display device in which different liquid 
crystal aligning domains can be easily and surely ob- 15 
tained. 

Another object of the present invention is to pro- 
vide a liquid crystal display device with different liquid 
crystal aligning domains that operates with stability 
and provides a wide viewing angle. 20 

According to the present invention, there is pro- 
vided a liquid crystal display device comprising first 
and second opposed plates having facing inner sur- 
faces; a first electrode means and a first alignment 
layer means arranged on the inner surface of the first 25 
plate; a second electrode means and a second align- 
ment layer means arranged on the inner surface of 
the second plate; a liquid crystal inserted between 
the first and second plates and having a twisting na- 
ture between the first and second plates; the first and 30 
second alignment layer means forming in pairs a plur- 
ality of minute unit regions, each of which is subdivid- 
d into first and second different liquid crystal aligning 
domains; and the first and second alignment layer 
means being arranged and treated so that, in at least 35 
the first liquid crystal aligning domain, molecules of 
the liquid crystal near the first alignment layer means 
are aligned along a first line with a first pretilt direction 
and a first pretilt angle and molecules of the liquid 
crystal near the second alignment layer means are 40 
aligned along a second line perpendicular to the first 
line with a second pretilt direction and a second pretilt 
angle; the second pretilt direction being generally op- 
posite the first pretilt direction and the first pretilt an- 
gle being larger than the second pretilt angle, where- 45 
by molecules of the liquid crystal located interme- 
diately between the first and second plates rise in ac- 
cordance with the first pretilt angle when voltage is 
applied between the first and second electrode 
means. 50 

With this arrangement it is possible to obtain a 
high quality liquid crystal display device with different 
liquid crystal aligning domains that can be fabricated 
with a reduced number of manufacturing steps. Espe- 
cially, it is possible to obtain a liquid crystal display de- 55 
vice with different liquid crystal aligning domains by 
a single rubbing operation in at least one of the align- 
ment layer means of the opposite plates. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more apparent 
from the following description of the preferred em- 
bodiments, with reference to the accompanying 
drawings, in which: 

Fig. 1 is a diagrammatic cross-sectional view of 
a liquid crystal display device according to the 
first embodiment of the present invention; 
Figs. 2A and 2B are views illustrating rubbing 
steps of the liquid crystal display device of Fig. 1 ; 
Fig. 3 is a cross-sectional view of the liquid crys- 
tal display device of Fig. 1 , including polarizers 
and pixel electrodes; 
Fig. 4 is a view of an active matrix circuit; 
Figs. 5A to 5C are views illustrating the twisted 
nematic liquid crystal; 

Figs. 6Aand 6B are views illustrating a character- 
istic of aviewing angle; 

Fig. 7 is a view illustrating an example of a basic 
arrangement of different liquid crystal aligning 
domains; 

Fig. 8 is a view illustrating an arrangement of dif- 
ferent liquid crystal aligning domains of Fig. 1; 
Fig. 9 is a cross-sectional view of a liquid crystal 
display device according to the second embodi- 
ment of the present invention; 
Fig. 10 is a view of a modification of the device 
of Fig. 9; 

Figs. 11A and 11 B are views illustrating rubbing 
steps of a modified alignment layer; 
Fig. 12 is a cross-sectional view of a liquid crystal 
display device according to the third embodiment 
of the present invention; 

Fig. 13 is a view illustrating the effect of oblique 
electric force lines; 

Figs. 14A to 14C are views illustrating rubbing 
steps of the liquid crystal display device of Fig. 
12; 

Fig. 15 is a plan view of the upper plate of Fig. 12; 
Fig. 16 is a plan view of the lower plate of Fig. 12; 
Fig. 17 is a view illustrating an arrangement of dif- 
ferent liquid crystal aligning domains of Fig. 12; 
Fig. 18 is a view illustrating the voltages applied 
to the bus lines; 

Fig. 19 is a graph of the contrast ratio versus the 
viewing angle established in the normally white 
mode; 

Fig. 20 is a graph of the contrast ratio versus the 
viewing angle established in the normally black 
mode; 

Fig. 21 is a graph of the controllable zones with 
respect to the pretilt; 

Fig. 22 is a cross-sectional view of a liquid crystal 
display device according to the fourth embodi- 
ment of the present invention; 
Figs. 23A to 23C are views illustrating rubbing 
steps of the liquid crystal display device of Fig. 
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22; 

Figs. 24A to 24D are views illustrating a modifica- 
tion of rubbing steps of the liquid crystal display 
device in which a pretilt is changed by changing 
the extent of the adhesion of the alignment layer; 5 
Fig. 25 is a graph of pretilt versus ozone asher 
treating time; 

Fig. 26 is a cross-sectional view of a liquid crystal 
display device according to the fifth embodiment 
of the present invention; 10 
Fig. 27 is a cross-sectional view of a liquid crystal 
display device according to the sixth embodiment 
of the present invention; 
Fig. 28 is a detailed view of Fig. 26; 
Fig. 29 is a view illustrating rubbing steps of the 15 
liquid crystal display device of Fig. 26; 
Fig. 30 is a view illustrating rubbing steps of the 
liquid crystal display device of Fig. 27; 
Fig. 31 is a diagrammatic view illustrating an ar- 
rangement of liquid crystal aligning domains ac- 20 
cording to the seventh embodiment of the pres- 
ent invention; 

Fig. 32 is a diagrammatic side view of molecules 
of the liquid crystal of Fig. 31 , viewed from the ar- 
row XXXII in Fig. 31 ; 25 
Fig. 33 is a diagrammatic side view of molecules 
of the liquid crystal in another arrangement; 
Fig. 34 is a diagrammatic view Illustrating a dis- 
clination in the display; 

Fig. 35 is a diagrammatic plan view of one unit 30 
area of a liquid crystal display device according 
to the eighth embodiment of the present inven- 
tion, including a shading layer, 
Fig. 36 is a detailed view of Fig. 35; 
Fig. 37 is a diagrammatic plan view illustrating an- 35 
other example of a shading layer; 
Fig. 38 is a diagrammatic plan view illustrating still 
another example of a shading layer; 
Fig. 39 is a diagrammatic plan view illustrating still 
another example of a shading layer; 40 
Fig. 40 is a diagrammatic cross-sectional view il- 
I ustrati ng still a not her example of a sh ad i ng lay er; 
Fig. 41 is a diagrammatic plan view of the differ- 
ent liquid crystal aligning domains of Fig. 40; 
Fig. 42 is a view of a modification of Fig. 40; 45 
Fig. 43 is a diagrammatic plan view of one unit 
area of a liquid crystal display device according 
to the ninth embodiment of the present invention; 
Fig. 44 is a cross-sectional view of Fig. 43; 
Fig. 45 is a cross-sectional view of a modification 50 
of Fig. 43 when the applied voltage is zero; 
Fig. 46 is a cross-sectional view of Fig. 45, when 
the liquid crystal rises; 

Fig. 47 is a cross-sectional view of a modification 

of Fig. 43; 55 

Fig. 48 is a cross-sectional view of Fig. 47, when 

the driving voltage is applied; 

Fig. 49 is a view of a further modification of Fig. 



43; 

Fig. 50 is a cross-sectional view of a liquid crystal 
display device according to the tenth embodi- 
ment of the present invention; 
Fig. 51 is a view of a modification of Fig. 50; 
Fig. 52 is a perspective view of a liquid crystal dis- 
play device according to the eleventh embodi- 
ment of the present invention; 
Fig. 53 is a view illustrating the effect of the obli- 
que lines of an electric force of Fig. 52; 
Fig. 54 is a view illustrating the further effect of 
the oblique lines of an electric force of Fig. 52; 
Fig. 55 is a view of a modification of Fig. 52; 
Fig. 56 is a diagrammatic plan view of a liquid 
crystal display device according to the twelfth 
embodiment of the present invention; 
Figs. 57A and 57B are cross-sectional views of 
the sub-divided domains of Fig. 56; 
Fig. 58 is a T-V (transmittance versus voltage) 
characteristic of a viewing angle of the device of 
Fig. 56, viewed from the front; 
Fig. 59 is a T-V characteristic of a viewing angle 
of the device of Fig. 56, viewed obliquely; 
Fig. 60 is a diagrammatic plan view of one unit 
area of a liquid crystal display device according 
to the thirteenth embodiment of the present in- 
vention; and 

Fig. 61 is a diagrammatic plan view of one unit 
area of a liquid crystal display device according 
to the fourteenth embodiment of the present in- 
vention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figures 1 and 3 show a liquid crystal display d - 
vice according to the first embodiment of the present 
invention, comprising a liquid crystal panel 10 and po- 
larizers 12 and 14 on either side of the liquid crystal 
panel 10. The liquid crystal panel 10 comprises a pair 
of opposite transparent glass plates 16 and 18 and a 
twisted nematic liquid crystal 20 inserted between 
the glass plates 1 6 and 1 8. In the embodiment, a light 
from a source (not shown) is incident to the liquid 
crystal panel 10 from one of the glass plates 16, as 
shown by the arrow L, and an observer views the liq- 
uid crystal panel 10 from the side opposite the light 
incident. In the description below, the glass plate 16 
on the light incident side is called a lower glass plate, 
and the glass plate 18 on the observer side is called 
an upper glass plate. It is, of course, possible to re- 
verse the light incident side and the observer side. 

A common electrode 21 made of ITO and an 
alignment layer 22 are arranged on the inner surface 
of the lower glass plate 16, and a plurality of minute 
pixel electrodes 24 made of ITO and an alignment lay- 
er 26 are arranged on the inner surface of the upper 
glass plate 18. Also, a storage capacitance electrode 
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28 is provided in th upper glass plate 18 in an over- 
lapping relationship with the pixel electrode 24 via an 
insulating layer. 

Figure 4 shows an active matrix circuit provided 
in the upper glass plate 18. The active matrix circuit 
comprises data bus lines 30 and gate bus lines 32 ex- 
tending vertically and horizontally in a matrix, and the 
pixel electrodes 24 are connected to the data bus 
lines 30 and the gate bus lines 32 via transistors 34, 
respectively. At the lower right portion of Fig. 4, an 
equivalent circuit of the storage capacitance elec- 
trode 28 provided parallel to the liquid crystal 20 is 
shown. 

The present invention relates to a domain divided 
liquid crystal display device that has different liquid 
crystal aligning domains A and B in each of the minute 
unit regions, as shown in Fig. 1 . For an easier under- 
standing of the present invention, a basic feature of 
the domain divided liquid crystal display device will be 
described here with reference to Figs. 5Ato 7. 

Figure 5A shows a diagrammatic representation 
of the treatment of the alignment layer 22 of the lower 
glass plate 16 and the alignment layer 26 of the upper 
glass plate 18 in one of the liquid crystal aligning do- 
mains A. Asolid line arrow 22a illustrates the direction 
of rubbing the alignment layer 22 of the lower glass 
plate 16 and a broken line arrow 26a illustrates the di- 
rection of rubbing the alignment layer 26 of the upper 
glass plate 18. The solid line arrow 22a is perpendic- 
ular to the broken line arrow 26a. It is known that the 
rubbing is carried out by rubbing the surface of the 
alignment layers 22 and 26 with a fibrous rubbing ma- 
terial and the liquid crystal 20 is aligned in a pretilt di- 
rection and at a pretilt angle in accordance with the 
direction of the rubbing. 

Figure 5B shows the manner of the twist of the 
twisted nematic liquid crystal 20. Some of the mole- 
cules of the liquid crystal 20 located near the align- 
ment layer 22 of the lower glass plate 16 are repre- 
sented by the numeral 20L, some of the molecules of 
the liquid crystal 20 located near the alignment layer 
26 of the upper glass plate 1 8 are represented by the 
numeral 20U, and some of the molecules of the liquid 
crystal 20 located intermediately between the lower 
and upper glass plates 16 and 18 are represented by 
the numeral 20C. The liquid crystal 20 twists or ro- 
tates, as shown by the arrow T, in the left turning di- 
rection in the embodiment 

Figure 5C shows the lower, upper and intermedi- 
ate molecules of the liquid crystal 20L, 20U, and 20C, 
respectively. The Figures on the left side show the 
plane views of the molecules, viewed from the upper 
glass plate 1 8, and the Figures on the right side show 
the etevational cross-sectional views of the mole- 
cules, viewed from the arrows in the plane views, re- 
spectively. 

The lower molecule 20L of the liquid crystal 20 
has a long axis directed at an angle of 45 degrees 



from the right bottom to the left top in the plane view, 
and a pretilt in which the left end of t he lower molecule 
20L rises slightly relative to the alignment layer 22 in 
the etevational view. The intermediate molecule 20C 

5 has a long axis directed vertically from the bottom to 
the top in the plane view, and a pretilt in which the left 
end of the lower molecule 20L rises slightly relative to 
the alignment layer 22 in the elevational view. The up- 
per molecule 20U has a long axis directed at an angle 

10 of 45 degrees from the left bottom to the right top in 
the plane view, and a pretilt in which the left end of 
the lower molecule 20L rises slightly relative to the 
alignment layer 22 in the elevational view. In this way, 
in the elevational views of Fig. 5C, all molecules 20L, 

15 20C and 20U of the liquid crystal 20 rise identically, 
i.e., have the same pretilt direction and the same pre- 
tilt angle when viewed from one direction, i.e., from 
the arrows in the plane views of Fig. 5C. 

The intermediate molecule 20C is in a substan- 

20 tially horizontal position with the pretilt, similar to the 
lower and upper molecules 20L and 20U, when vol- 
tage is not applied to the liquid crystal 20. The inter- 
mediate molecule 20C rises to a considerable angle, 
as shown by the broken line in Fig. 5C, when the vol- 

25 tage is applied to the liquid crystal 20. The rising an- 
gle of the intermediate molecule 20C is larger than 
that of the lower and upper molecules 20L and 20U. 
Accordingly, the optical characteristic of the liquid 
crystal 20 depends on the behavior of the intermedi- 

30 ate molecules 20C. 

Figure 6 A shows that an observer views the liq- 
uid crystal display device from various directions, and 
Fig. 6B shows the T-V characteristic of the viewing 
angle of the liquid crystal display device. Arrow C 

35 shows that the observer views the vertical liquid 
crystal display device from the normal to the upp r 
glass plate 18. Arrow U shows that the observer 
views the vertical liquid crystal display device from 
the upper position and Arrow L shows that the obser- 

40 ver views the vertical liquid crystal display device 
from the lower position. The intermediate molecules 
20C are aligned, as described with reference to Figs. 
5Ato 5C. 

The T-V characteristic of the viewing angle when 
45 the observer views the vertical liquid crystal display 
device from the normal is shown by the curve C in 
Fig. 6B. When the observer views the vertical liquid 
crystal display device from the upper position (from 
the direction U in Fig. 6A), the value of the birefrin- 
50 gence of the intermediate molecules 20C of the liquid 
crystal 20 becomes relatively small, and the display 
becomes relatively dark, as shown by the broken line 
curve U in Fig. 6B. Inversely, when the observer 
views the vertical liquid crystal display device from 
55 the lower position (from the direction L in Fig. 6A), the 
value of the birefringence of the intermediate mole- 
cules 20C of the liquid crystal 20 is relatively large 
and the amount of the light transmitting the liquid 

5 
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crystal 20 is relatively high, as shown by the broken 
line curve L in Fig. 6B. In this case, the display be- 
comes relatively bright ven though a black or gray 
spot is desired. In this way, in the liquid crystal align- 
ing domain A, the display viewed from the upper pos- 5 
ition is dark and the display viewed from the lower 
position is bright 

Therefore, it has been proposed that the charac- 
teristic U and the characteristic L be added and the 
sum divided by two. The curve I is the thus averaged 10 
characteristic, which becomes dose to the character- 
istic C, and the characteristic of the viewing angle is 
improved. 

For this purpose, as shown in Fig. 7, another liq- 
uid crystal aligning domain B that has a complemen- 15 
tary feature to the liquid crystal aligning domain A is 
provided, and the liquid crystal aligning domains A 
and B are combined to form one unit region. The 
alignment directions 22a and 26a of the alignment 
layers 22 and 26 of the liquid crystal aligning domain 20 
B are perpendicular to each other, and are reverse to 
those of the liquid crystal aligning domain A. Accord- 
ingly, the intermediate molecules 20C of the liquid 
crystal aligning domain B rise in reverse order to 
those of the liquid crystal aligning domain A, when 25 
voltage is applied. In the liquid crystal aligning do- 
main B, the display viewed from the upper position is 
bright and the display viewed from the lower position 
is dark, which is reverse to the liquid crystal aligning 
domain A. 30 

The liquid crystal aligning domains A and B con- 
stitute one unit region and a plurality of such unit re- 
gions are repeatedly formed in the entire area of the 
liquid crystal display device. It is desirable that the liq- 
uid crystal aligning domains A and B should have fair- 35 
ly small areas since the liquid crystal aligning do- 
mains A and B have the different viewing angle char- 
acteristics from each other and such a difference 
should not be recognized by the observer. Preferably, 
one unit region corresponds to one pixel region sur- 40 
rounded by the data bus lines 30 and the gate bus 
lines 32. When a color filter having color portions R, 
G and B is provided in the lower glass plate 16f or a 
color display, the one pixel region may correspond to 
each color portion R, G or B. It is also possible that 45 
one unit region corresponds to one pixel region times 
an integer (up to 6 times) or one pixel region times the 
reciprocal of an integer. 

As previously described, to obtain a liquid crystal 
display device having two different liquid crystal so 
aligning domains A and B in a minute unit region, it is 
necessary to effect two rubbings for each of the align- 
ment layers 22 and 26 in one direction and then in an- 
other direction, using a mask or the like having minute 
openings. Accordingly, there is an increase in the 55 
number of manufacturing steps for obtaining the do- 
main divided liquid crystal display device which pres- 
ents a problem. Also, there is a problem, thatthe rub- 



bed alignment layers are damaged by the subsequent 
photolithographic operations, and the quality of the 
alignment layers deteriorate. The present invention is 
directed to overcome these problems. 

Referring to Fig. 1, the liquid crystal display de- 
vice comprises two different liquid crystal aligning do- 
mains A and B that are arranged in each of a plurality 
of minute unit regions, as described. The feature of 
the present invention is exemplified in the liquid crys- 
tal aligning domain B. 

In the liquid crystal aligning domain B, molecules 
of the liquid crystal 20 near the upper alignment layer 
26 are aligned along the first line in a first pretilt di- 
rection (from the right to the left in Fig. 1) and at a first 
pretilt angle a. Molecules of the liquid crystal 20 near 
the lower alignment layer 22 are aligned along the 
second line perpendicular to the first line with a sec- 
ond pretilt direction generally opposite the first pretilt 
direction and at a second pretilt angle p. The first pre- 
tilt angle a is larger than the second pretilt angle p. 

It will be understood that the twist of the liquid 
crystal 20 is not clear in Fig. 1 for illustrating the re- 
lationship of the pretilt direction and the pretilt angl , 
but the liquid crystal 20 actually twists. It will thus be 
understood that the first and second lines along 
which molecules of the liquid crystal 20 near the up- 
per and lower alignment layers 26 and 22 are aligned 
correspond to the lines of the arrows 26a and 22a 
showing the rubbing direction. 

In addition, the pretilt directions are defined by 
the molecules of the liquid crystal 20 from the side 
thereof and should be compared with those of the left 
hand views of Fig. 5C. It has been found that mol - 
cules of the liquid crystal 20 located intermediately 
between the lower and upper glass plates 16 and 18 
rise in accordance with the first pretilt angle a, which 
is largerthan the second pretilt angle p, when the vol- 
tage is applied between the electrodes 21 and 24, as 
shown by the arrow in Fig. 1. 

This feature can be widely used in combination 
with a suitably selected arrangement of the other liq- 
uid crystal aligning domain Afor reducing rubbing and 
photolithography steps. 

In the first embodiment, in the liquid crystal align- 
ing domain A, molecules of the liquid crystal 20 near 
the upper alignment layer 26 are aligned along the 
first line in the second pretilt direction and at the first 
pretilt angle a, and molecules of the liquid crystal 20 
near the lower alignment layer 22 are aligned along 
the second line in the second pretilt direction and at 
the second pretilt angle p. As a result, molecules of 
the liquid crystal 20 near the lower alignment layer 22 
both in the liquid crystal aligning domains Aand B, are 
aligned along the second line in the second pretilt di- 
rection and at the second pretilt angle p. 

Accordingly, it is possible to obtain the domain 
divided liquid crystal display device by only one rub- 
bing operation of the lower alignment layer 22. Fig. 2A 



BNSDOCID: <EP 0549283A2 I > 



11 



EP 0 549 283 A2 



12 



shows the treatment of the upper alignment layer 26 
in which the upper alignment layer 26 is first rubbed 
in one direction with a rubbing roller 57 having fibrous 
material wound around it, then a mask 54 is applied 
to the upper alignment layer 26 and again rubbed in 
the opposite direction with the rubbing roller 57. Fi- 
nally, the mask 54 is removed and opposite rubbed 
minute regions are formed. Fig. 2B shows the treat- 
ment of the lower alignment layer 22 with the rubbing 
roller 57. 

Fig. 8 shows the treatment of the upper and lower 
alignment layers 26 and 22 in which the broken line 
arrow 26a illustrates the rubbing direction of the up- 
per alignment layer 26 and the solid line arrow 22a il- 
lustrates the rubbing direction of the lower alignment 
layer 22. It will be understood that the rubbing direc- 
tions 26a and 22a of the upper and lower alignment 
layers 26 and 22 in the liquid crystal aligning domain 
A of Fig. 8 are identical to those in the liquid crystal 
aligning domain A of Fig. 7, and the rubbing direction 
26a of the upper alignment layer 26 in the liquid crys- 
tal aligning domain B of Fig. 8 is identical to that in the 
liquid crystal aligning domain B of Fig. 7. Note, the 
rubbing direction 22a of the lower alignment layer 22 
in the liquid crystal aligning domain B of Fig. 8 is in 
reverse that of the liquid crystal aligning domain do- 
main B of Fig. 7 but identical to that of the liquid crys- 
tal alignment domain A of Fig. 8. In the liquid crystal 
aligning domain B of Fig. 8, molecules of the liquid 
crystal 20 located intermediately between the upper 
and lower glass plates 18 and 16 rise depending on 
the rubbing direction 26a of the upper alignment layer 
26 having the larger pretilt angle a. Accordingly, the 
tilting relationship of molecules of the liquid crystal 20 
in the liquid crystal aligning domains A and B of Fig. 
8 are identical to those of Fig. 7, as illustrated in the 
right hand views in Figs. 7 and 8. 

It is possible to obtain the different pretilt angles 
a and p by several means. For example, it is possible 
to select the alignment layers 22 and 26 having dif- 
ferent properties, for example, JALS-214, JALS-246, 
JALS-219 and AL-1054 sold by Japan Synthetic Rub- 
ber K.K., respectively. It is also possible to vary the 
manner of the rubbing operations. For example, the 
rubbing operation of the lower alignment layer 22 is 
rubbed by the rubbing roller 57 so that the rubbing 
roller 57 is applied to the lower alignment layer 22 
several times by rotating the rubbing roller 57 in one 
direction and then in the opposite direction with the 
pressure of the rubbing roller 57 on the lower align- 
ment layer 22 progressively reduced. 

Figure 9 shows the second embodiment of the 
present invention. In this embodiment, a lower align- 
ment layer 22 is provided on the lower electrode 21 
and the rubbing operation is applied to the lower 
alignment layer 22 to form the liquid crystal aligning 
domains A and B, similar to the rubbing operation of 
the upper alignment layer 26 of Fig. 1 . But in this em- 



bodiment, an upper alignment layer is not provided on 
the upper electrode 24 and a single rubbing operation 
is applied to the upper electrode 24, similar to the rub- 
bing operation of the lower alignment layer 22 of Fig. 

5 1. The pretilt angle of the liquid crystal 20 is small 
when the rubbing is applied to the upper electrode 24, 
but the rubbing to the upper electrode 24 causes the 
molecules of the liquid crystal 20 to align in the pre- 
determined direction. 

10 Figures 11 A and 11B show another example of 

the alignment layer having the two layer structure. In 
this embodiment, the alignment layer 22 comprises a 
first alignment layer 51 laminated on the electrode 21 
of the glass plate 16 and a second alignment layer 52 

15 laminated on the first alignment layer 51 and having 
openings corresponding with one of the liquid crystal 
aligning domains A and B. 

In Fig. 11 A, the first and second alignment layers 

51 and 52 are applied to the electrode 21 of the glass 
20 plate 16 and the rubbing roller 57 is used to rub the 

second alignment layer 52 in one direction. A mask 54 
is then mounted on the second alignment layer 52 
and the second alignment layer 52 is etched. The rub- 
bing roller 57 is then used to rub the first alignment 

25 layer 51 revealed from the mask 54 in the opposite di- 
rection. Finally, the mask 54 is removed from the sec- 
ond alignment layer 52. The formation of the mask 54 
and the patterning of the second alignment layer 52 
can be effected by a photolithographic process com- 

30 prising the steps of applying a photoresist on the sec- 
ond alignment layer 52, exposing the photoresist via 
an appropriate mask, and developing the photoresist 
in an alkaline developing solution. Thus the mask 54 
having openings in correspondence with one of th 

35 liquid crystal aligning domains A and B is formed. In 
the developing step of the photoresist, the second 
alignment layer 52 is also etched by the developing 
solution, as shown in Fig. 11 B. 

With this rubbing operation, it is possible to ob- 

40 tain the alignment layer 22 having differently rubbed 
portions for forming the liquid crystal aligning do- 
mains A and B. 

Figures 12 to 17 show the third embodiment of 
the present invention. In this embodiment, in which 

45 each of the alignment layers 22 and 26 comprises a 
first alignment layer 51 and a second alignment layer 

52 laminated on the first alignment layer 51, and in 
each of the liquid crystal aligning domains A and B, 
molecules of the liquid crystal 20 near the respective 

so glass plates 16 and 18 are aligned with different pretilt 
directions and different pretilt angles a and p. That is, 
in the liquid crystal aligning domain A, molecules of 
the liquid crystal 20 near the upper alignment layer 26 
are aligned along the first line in a first pretilt direction 

55 (the rubbing direction 26a in the domain A in Fig. 17) 
and a first pretilt angle a, and molecules of the liquid 
crystal 20 near the lower alignment layer 22 are 
aligned along a second line perpendicular to the first 
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line with a second pretiit direction (the rubbing direc- 
tion 22a in the domain A in Fig. 1 7) generally opposite 
the first pretiit direction and a second pretiit angle p. 
The first pretiit angle a is larger t han the second pretiit 
angle p. Conversely, in the liquid crystal aligning do- 
main B, molecules of the liquid crystal 20 near the up- 
per alignment layer 26 are aligned along the first line 
with the first pretiit direction the (rubbing direction 
26a in the domain B in Fig. 17) and the second pretiit 
angle p, and molecules of the liquid crystal 20 near 
the lower alignment layer 22 are aligned along the 
second line perpendicular to the first line wit h the sec- 
ond pretiit direction (the rubbing direction 22a in the 
domain B in Fig. 17) and the first pretiit angle a. The 
first pretiit angle a is larger than the second pretiit an- 
gle p. 

In Fig. 17, the broken line arrow 26a illustrates 
the rubbing direction of the upper alignment layer 26 
and the solid line arrow 22a illustrates the rubbing di- 
rection of the lower alignment layer 22. It will be un- 
derstood that the rubbing direction 22a is common in 
the liquid crystal aligning domains A and B, and the 
rubbing direction 26a is common in the liquid crystal 
aligning domains A and B. This means that only a sin- 
gle rubbing operation is enough for each of the upper 
and lower alignment layers 26 and 22 to obtain the dif- 
ferent liquid crystal aligning domains A and B. 

As described with reference to Figs. 7 and 8, mol- 
ecules of the liquid crystal 20 located intermediately 
between the upper and lower glass plates 18 and 16 
rise depending on the pretiit direction having the larg- 
er pretiit angle. Accordingly, intermediate molecules 
in the liquid crystal aligning domain A rise depending 
on the rubbing direction 26a having the larger pretiit 
angle, and intermediate molecules in the liquid crys- 
tal aligning domain B rise depending on the rubbing 
direction 22a having the larger pretiit angle. The thick 
arrows in Fig. 17 shows the viewing angle in which 
the characteristic of the curve U is in 6B. Therefore, 
intermediate molecules of Fig. 17 similarly rise to 
those of Figs. 7 and 8. 

Figs. 14A to 14C show the rubbing treatment of 
the upper alignment layer 26 (or the alignment layer 
22) comprising the first alignment layer 51 and the 
second alignment layer 52. 

As shown in Fig. 14A, the first and second align- 
ment layers 51 and 52 are applied to the upper glass 
plate 18 having the electrode 24 and the active matrix 
circuit. For example, the first alignment layer 51 com- 
prises an inorganic material such as Si0 2 or Ti0 2 , and 
the second alignment layer 52 comprises an organic 
material such as fully pre-imidized soluble polyimide. 
The thickness of the first and second alignment lay- 
ers 51 and 52 may be approximately 500 angstrom, 
respectively. As shown in Fig. 14B, the patterning of 
the second alignment layer 52 is then carried out by 
a photolithographic process comprising the steps of 
applying a photoresist on the second alignment layer 



52, exposing the photoresist via an appropriate mask, 
and developing the photoresist in an alkaline devel- 
oping solution. Thus the mask 54 and th second 
alignment layer 52 are patterned or etched to have 

5 openings in correspondence with one of the liquid 
crystal aligning domains A and B. The second align- 
ment layer 52 dissolves in the alkaline developing sol- 
ution but the second inorganic alignment layer does 
not dissolve in the alkaline developing solution. 

10 As shown in Fig. 14C, the mask 54 is then re- 

moved and the rubbing roller 57 is used to rub the 
first and second alignment layers 51 and 52 in the 
rubbing direction 26a of Fig. 17. Note the first and 
second alignment layers 51 and 52 are simultaneous- 

15 ly treated by this rubbing after the mask 54 is re- 
moved. 

Accordingly, the second alignment layer 52 and 
the first alignment layer 51 revealed from the open- 
ings of the second alignment layer 52 are rubbed in 

20 the same direction. However, when the liquid crystal 
20 is inserted between the glass plates 1 6 and 1 8, the 
pretiit angle of the liquid crystal 20 differs depending 
on whether the liquid crystal 20 is in contact with th 
second alignment layer 52 or the first alignment lay r 

25 51. In the experiment, the liquid crystal 20 that is in 
contact with the second alignment layer 52 has the 
larger pretiit angle a of approximately 4 degrees, and 
the liquid crystal 20 is that in contact with the first 
alignment layer 51 has the smaller pretiit angle p of 

30 approximately 1 degrees. 

The first alignment layer 51 of an inorganic ma- 
terial is, for example, AT-L028 sold from Nissan 
Chemistry K.K. The second alignment layer 52 of an 
organic material is, for example, JALS-246, JALS- 

35 214, AL-1054, or JALS-219 sold from Japan Synthet- 
ic Rubber K.K. J ALS246 or JALS2 1 4 provides a pretiit 
angle greater than 5 degrees, and ALS1054 or 
JALS219 provides a pretiit angle within the range 
from 1 to 5 degrees. It is also possible to use organic 

40 materials for both the first and second alignment lay- 
ers 51 and 52. In this case, such organic materials 
may have different liquid crystal aligning characteris- 
tics. It seems at present that AL-1054 is adapted for 
the first alignment layer 51 since it is resistant to an 

45 alkaline etching solution. It is possible to control the 
pretiit angle by rubbing, owing to the fact that the pre- 
tiit angle becomes larger when the rubbing is carried 
out lightly and the pretiit angle becomes smaller when 
the rubbing is carried out strongly (for example, the 

so rubbing roller is strongly pressed to the alignment lay- 
er, the rubbing roller is repeatedly applied to the align- 
ment layer in many times, or the rubbing roller is ap- 
plied to the alignment layer at a faster speed). A cer- 
tain relationship can be experimentally determined 

55 between the man ner of t he r u bbing and t he pretiit an- 
gle. It is also possible to obtain the second alignment 
layer 52 having openings in any other process, for ex- 
ample, a printing process. 
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In each of the liquid crystal aligning domains A 
and B, one of the alignment layers has the larger pre- 
tilt angle and the other alignment layer has the small- 
er pretilt angle, and molecules of the liquid crystal 20 
located intermediately between the upper and lower 
glass plates 18 and 16 rise depending on the pretilt 
direction having the larger pretilt angle. In this case, 
it is assumed that performance of some of the mole- 
cules of the liquid crystal 20 near the alignment layer 
having the second pretilt direction opposite the first 
pretilt direction and the smaller pretilt angle may be- 
come unstable when the intermediate molecules of 
the liquid crystal 20 rise depending on the alignment 
layer having the first pretilt direction and the larger 
pretilt angle. Nevertheless, it has been found that the 
liquid crystal display device according to the present 
invention can realize a more clear display than that 
obtained in the prior art, because, according to the 
present invention, the rubbing operation is carried out 
once at the end of the liquid crystal alignment proc- 
ess, for providing the different liquid crystal aligning 
domains A and B. The properties of the alignment lay- 
rs are not damaged or changed after the rubbing be- 
cause, according to the present invention, it is possi- 
ble to assemble the liquid crystal panel under so 
called "hot" conditions, in a short time after the rub- 
bing of the alignment layers, without any other step 
or procedure. It is believed that the rubbing treatment 
is not affected and the effect of the rubbing is stable 
according to the present invention, compared with 
the prior art in which the development and the resist 
removal are effected after the rubbing is carried out. 
The alignment layer having the smaller pretilt angle 
serves to align the liquid crystal 20 to twist 90 de- 
grees between the upper and lower glass plates 18 
and 16. The turning direction of the liquid crystal in 
this structure is stably left by the helical power of liq- 
uid crystal material. 

Figures 15 and 16 show the different liquid crys- 
tal aligning domains A and B in greater detail. Fig. 15 
shows the upper glass plate 18 comprising a plurality 
of pixel electrodes 24, the data and gate bus lines 30 
and 32, and the thin filmed transistors (TFT) 34. Fig. 
16 shows the lower glass plate 16 having the color fil- 
ter 19 with color portions 19a (G. B, and R) arranged 
in register with pixel electrodes 24. The color portions 
19a are enclosed by a black matrix 19b. The liquid 
crystal aligning domains Aand B are subdivided by a 
boundary line extending on the substantial center line 
of each of the pixel electrodes 24. Also, the liquid 
crystal aligning domains Aand B are subdivided by a 
boundary line extending on the gate bus line 30. 

In addition, as shown in Fig. 12, the alignment 
layers 22 and 26 are arranged and treated so that 
molecules of the liquid crystal 20 near the upper 
alignment layer 26 in the liquid crystal aligning do- 
main A rise toward the gate bus line 32. As shown in 
Fig. 18, the alternating voltage of ±5V, represented by 



the curve V30, is applied to the data bus line 30, and 
the base voltage of -15V with the pulses, represented 
by the curve V 32 , is applied to the gate bus line 32. 
Therefore, as shown in Fig. 13, a transverse electric 
5 field acts between the pixel electrode 24 and the gate 
bus line 32 and oblique lines of electric force E are 
formed. 

Molecules of the liquid crystal 20 tend to rise 
along the electric field, and so, molecules of the liquid 
10 crystal 20 rise along the electric field between the 
common electrode 21 and the pixel electrode 24. Mol- 
ecules of the liquid crystal 20 is also affected by the 
transverse electric field between the pixel electrode 
24 and the gate bus line 32. Since the rubbing direc- 
ts tion is arranged so that molecules of the liquid crystal 
20 near the upper alignment layer 26 in the liquid 
crystal aligning domain Arise toward the gate bus line 
32, the position of these molecules of the liquid crys- 
tal 20 coincide with the gradient of the oblique lines 
20 of electric force E. Accordingly, these molecules of 
the liquid crystal 20 can stably rise. In the liquid crys- 
tal aligning domain B, the rubbing direction is not ar- 
ranged so that molecules of the liquid crystal 20 near 
the upper alignment layer 26 rise toward the gate bus 
25 line 32. But the intermediate molecules 20c tend to 
rise toward the gate bus line 32 by the rubbing direc- 
tion of the lower glass plate. If the rubbing direction 
is reversed in the liquid crystal aligning domain A, 
molecules of the liquid crystal 20 may rise in reverse 
30 direction to the gate bus lines 32, and may rise with- 
out stability. 

The inventors further experimented regarding 
the preferable combination of the larger pretilt angle 
a and the smaller pretilt angle p and obtained results, 

35 as shown in Fig. 21. Fig. 21 shows that if the differ- 
ence between the larger pretilt angle a and the small- 
er pretilt angle p is preferably larger than two degrees, 
it is possible to control the performance of molecules 
of the liquid crystal 20 in each of the liquid crystal 

40 aligning domains A and B. 

Figure 10 shows a modification of the embodi- 
ment of Figs. 9A and 12. In this embodiment each of 
the upper and lower glass plates 18 and 16 has an 
alignment layer means comprising an alignment layer 

45 laminated on the respective electrode and an align- 
ment layer constituted by the respective electrode it- 
self. The alignment layer laminated on the respective 
electrode has openings corresponding with one of 
the liquid crystal aligning domains Aand B. In the liq- 

50 uid crystal aligning domain A, the lower glass plate 16 
has the alignment layer 22 and the revealed electrode 
24 of the upperglass plate 18 faces the alignment lay- 
er 22 of the lower glass plate 16. In the liquid crystal 
aligning domain B, the upper glass plate 18 has the 

55 alignment layer 26 and the revealed electrode 21 of 
the lower glass plate 1 6 faces the alignment layer 26 
of the upper glass plate 18. 

Figure 22 shows the fourth embodiment accord- 
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ing to the present invention. This embodiment in- 
cludes similar liquid crystal aligning domains A and B 
to those of Fig. 1. In each of the liquid crystal aligning 
domains A and B, molecules of the liquid crystal 20 
near the respective glass plates 16 and 18 are aligned 5 
with different pretilt directions and different pretilt an- 
gles a and p. Each of the alignment layers 22 and 26 
comprises a single alignment layer laminated on the 
lower structure, i.e., the respective glass plates 16 or 
1 8 with an adhesive force. The extent of adhesion of 10 
the alignment layer 22 or 26 to the respective glass 
plates 1 6 or 1 8 varies for the liquid crystal aligning do- 
ma^f A and B for changing the pretilt angles a and 
p. : - articular, in each of the liquid crystal aligning 
dor -.. >s A and B, each of the alignment layer 22 and is 
26 r _ > a region having a larger value of the adhe- 
sion 10 the respective glass plate 16 or 18 to provide 
the larger pretilt angle a and, a region having a small- 
er value P 2 of the adhesion to the respective glass 
plates 16 or 18 to provide the smaller pretilt angle p, 20 
and > P 2 - In this case too, it is necessary to carry 
out a single rubbing operation for each of the align- 
ment layers 22 and 26. 

Figures 23A to 23C show the rubbing steps for 
obtaining the upper glass plate 18. The lower glass 25 
plate 16 can be similarly obtained. As show in Fig. 
23A, an adhesion improving agent 39 such as a silane 
coupling agent is patterned on the upper glass plate 
1 8 having the pixel electrode 24 so that the adhesion 
improving agent 39 has openings corresponding to 30 
one of the liquid crystal aligning domains A and B. The 
patterning can be carried out by a etching process 
comprising the steps of applying the adhesion im- 
proving agent 39 entirely on the upper glass plate 18, 
forming a mask of a resist, etching the adhesion im- 35 
proving agent 39, and removing the mask. Then, as 
shown in Fig. 23B, the alignment layer 26 is applied 
on the upper glass plate 18. Then, as shown in Fig. 
23C, the rubbing is carried out using the rubbing roll- 
er 57. 40 

The pretilt angle is measured in the liquid crystal 
display device having the thus obtained alignment 
layers 22 and 26, at a position where the silane cou- 
pling agent (SC) exists and a position where the si- 
lane coupling agent (SC) does not exist. Two samples 45 
of the alignment layers 22 and 26 are prepared, the 
first sample being JALS-219 and the second JALS- 
249. The results of the measurement of the pretilt an- 
gle (degree) is as follows. 





SAMPLE 1 


SAMPLE 2 


SC(YES) 


4 


7 


SC(NO) 


2 


5 



It has been found from the results that when the 
adhesion improving agent 39 such as a silane cou- 



pling agent is used, the alignment layer 22 or 26 
closely adhered to the respective glass plate 1 6 or 1 8, 
and as a result, the pretilt angle becomes larger. Ac- 
cordingly, it is possible to obtain the different liquid 
crystal aligning domains A and B by a single rubbing 
operation if the adhesion improving agent 39 is pat- 
terned on the lower structure to which the alignment 
layer 22 or 26 is laminated. 

Figures 24Ato 24D show modified rubbing steps 
using an ozone asher method as a means for varying 
the extent of adhesion of the alignment layers 22 and 
26. As shown in Fig. 24A, a mask 42 of a resist is 
formed on the glass plate 1 8, and ozone is blown onto 
the glass plate 18. Then, as shown in Fig. 24B, the 
mask 42 is removed, with the result that only the por- 
tion where the mask did not exist is subjected to a sur- 
face treatment Then, as shown in Fig. 24C, the align- 
ment layer 26 is applied to the glass plate 18, and as 
shown in Fig. 24D, the rubbing is carried out using 
the rubbing roller 57. 

The pretilt angle is measured in the liquid crystal 
display device having the thus obtained alignment 
layers 22 and 26, at a position where the extent of ad- 
hesion is enhanced by the ozone asher treatment 
(OA) and a position where the extent of adhesion is 
not changed because of no ozone asher treatment. 
Two samples of the alignment layers 22 and 26 are 
prepared, similar to the previous case. The result of 
the measurement of the pretilt angle (degree) is as 
follows. 





SAMPLE 1 


SAMPLE 2 


OA(YES) 


5 


8 


OA(NO) 


2 


5 



It has been found from this result that the align- 
ment layer 22 or 26 closely adhered to the respective 
glass plate 16 or 18 by the surface treatment such as 
an ozone asher treatment, and as a result, the pretilt 
angle becomes larger. 

As shown in Fig. 25, there is a relationship be- 
tween the ozone asher treatment time and the pretilt 
angle, and it is possible to realize a desired pretilt an- 
gle by adequately controlling the ozone asher treat- 
ment time. It will be understood that the surface treat- 
ment can be carried out by other treatments such as 
an oxygen plasma treatment 

Figure 26 shows the fifth embodiment of the 
present invention. In this embodiment, the upper and 
lower glass plates are in reverse order to the previous 
embodiments. The upper alignment layer 22 is ar- 
ranged and treated so that molecules of the liquid 
crystal 20 near the upper alignment layer 22 in the liq- 
uid crystal aligning domain B are aligned along the 
first line with the first pretilt direction and the first pre- 
tilt angle a (the largest) and molecules of the liquid 
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crystal 20 near the upper alignment layer 22 in the liq- 
uid crystal aligning domain A are aligned along the 
first line with the first pretilt direction and a third pretilt 
angle y, the third pretilt angle y being smaller than the 
first pretilt angle a and smaller than the second pretilt 5 
angle p. The lower alignment layer 26 is arranged and 
treated so that molecules of the liquid crystal 20 near 
the lower alignment layer 26 both in the liquid crystal 
aligning domains A and B are aligned along the sec- 
ond line with the second pretilt direction and the sec- 10 
ond pretilt angle p. 

In this case, intermediate molecules of the liquid 
crystal 20 between the upper and lower glass plates 
16 and 18 in the liquid crystal aligning domain B rise 
depending on the pretilt angle a, and intermediate 15 
molecules of the liquid crystal 20 between the upper 
and lower glass plates 16 and 18 in the liquid crystal 
aligning domain Arise depending on the pretilt angle 
P- 

Figure 28 shows that the upper alignment layer 20 
22 comprises a first alignment layer 51 and a second 
alignment layer 52, but the lower alignment layer 26 
comprises a single alignment layer. Accordingly, it is 
possible to obtain the upper and lower alignment lay- 
ers 22 and 26 by the rubbing process of Fig. 29. In Fig. 25 
29, the lower glass plate 18 is prepared by applying 
the lower alignment layer 26 on the lower glass plate 
18 after the pixel electrode 26 and the active matrix 
circuit are formed on the lower glass plate 18, and 
then rubbing the lower alignment layer 26 with the 30 
rubbing roller 57 in one direction. The upper glass 
plate 16 is prepared by applying the first and second 
alignment layers 51 and 52 on the upper glass plate 
16 which has a color filter (not shown) and the com- 
mon electrode 21, forming a mask 54 on the second 35 
alignment layer 52, etching the second alignment lay- 
er 52 by a photolithographic process, removing the 
mask 54, and then rubbing the upper alignment layer 
22 with the rubbing roller 57 in another direction. Ac- 
cordingly, it is possible to obtain the domain divided 40 
liquid crystal display device by a total of two rubbing 
operations and one photolithographic operation, 
which reduces the manufacturing costs and ensures 
high quality. 

Preferably, the alignment layer 22 comprising the 45 
first and second alignment layers 51 and 52 is ar- 
ranged on the upper glass plate 16 having the color 
filter and the common electrode 21, and the single 
alignment layer 26 is arranged on the lower glass 
plate 18 having the pixel electrode 24 and the active so 
matrix circuit, because the manufacturing steps are 
averaged between the upper and lower glass plates 
16 and 18. Also, wh n the first alignment layer is 
made from an inorganic material that has a lower 
electric resistance than that of an organic material 55 
and is chemically unstable, and when the alignment 
layer 26 on the lower glass plate 18 having the pixel 
electrode 24 and the active matrix circuit comprises 
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the first and second alignment layers 51 and 52, a 
leak current may flow between the alignment layer 26 
and the pixel electrode 24 or bus lin s 30 or 32 and 
the alignment layer 26 may become charged so as to 
apply voltage to the liquid crystal 20 irrespective of 
the voltage level of the pixel electrode 24, thereby 
causing an undesirable display. There is no high vol- 
tage portion in the upper glass plate 16 having the 
color filter (not shown) and the common electrode 21 , 
and such a problem does not occur. 

Figure 27 shows the sixth embodiment of the 
present invention. In this embodiment, the upper 
alignment layer 22 is arranged and treated so that 
molecules of the liquid crystal 20 near the upper 
alignment layer 22 in the liquid crystal aligning do- 
main B are aligned along the first line with the first 
pretilt direction and the first pretilt angle a and mole- 
cules of the liquid crystal 20 near the upper alignment 
layer 22 in the liquid crystal aligning domain A are 
aligned along the f irst line with the second pretilt di- 
rection and a third pretilt angle y. The lower alignment 
layer 26 is arranged and treated so that molecules of 
the liquid crystal 20 near the lower alignment layer 26 
both in the liquid crystal aligning domains A and B are 
aligned along the second line with the second pretilt 
direction and the second pretilt angle y. 

In this case, intermediate molecules of the liquid 
crystal 20 between the upper and lower glass plates 
16 and 18 in the liquid crystal aligning domain B rise 
depending on the pretilt angle a, and intermediate 
molecules of the liquid crystal 20 between the upp r 
and lower glass plates 16 and 18 in the liquid crystal 
aligning domain Arise depending on the pretilt direc- 
tion of the molecules of the liquid crystal 20 near the 
upper and lower glass plates 16 and 18, and the third 
pretilt angel y can be selected as desired. 

Figure 30 shows the rubbing steps of the liquid 
crystal display device of Fig. 27. The lower glass plate 
18 is prepared by applying the lower alignment lay r 
26 on the lower glass plate 18 after the pixel electrode 
26 and the active matrix circuit are formed on the low- 
er glass plate 18, and then rubbing the lower align- 
ment layer 26 with the rubbing roller 57 in one direc- 
tion. The upper glass plate 16 is prepared by applying 
the first and second alignment layers 51 and 52 on 
the upper glass plate 16 having the common elec- 
trode 21 , rubbing the second alignment layer 52 with 
the rubbing roller 57 in one direction, forming a mask 
54 on the second alignment layer 52, etching the sec- 
ond alignment layer 52 by a photolithographic proc- 
ess, rubbing the first alignment layer 51 with the rub- 
bing roller 57 in another direction, and removing the 
mask 54. 

Figure 19 shows the contrast ratio versus the 
viewing angle in the normally white mode. The curve 
plotting the circular marks is the contrast ratio of the 
prior art liquid crystal device having a uniformly 
aligned liquid crystal, and the curve plotting the "x" 
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marks is the contrast ratio of the domain divided liquid 
crystal device according to the present invention. It is 
possible to improve the contrast ratio in a wide range 
of viewing angles. 

Figure 20 shows the contrast ratio versus the 
viewing angle in the normally black mode. The curve 
plotting the circular marks is the contrast ratio of the 
prior art liquid crystal device having a uniformly 
aligned liquid crystal, and the curve plotting the V 
marks is the contrast ratio of the domain divided liquid 
crystal device according to the present invention. It is 
also possible to improve the contrast ratio in a wide 
range of viewing angles. 

In the domain divided liquid crystal display de- 
vice, molecules of the liquid crystal 20 in the liquid 
crystal aligning domain A are aligned in reverse order 
to molecules of the liquid crystal 20 in the liquid crys- 
tal aligning domain B, and there is a problem that the 
alignment of molecules of the liquid crystal 20 located 
on the boundary between the liquid crystal aligning 
domain A and B tends to become unstable. Figure 31 
shows the seventh embodiment of the present inven- 
tion, which strives to solve this problem. 

In Fig. 31, the liquid crystal aligning domains A 
and B are formed in an elongated strip-like shape so 
that molecules of the liquid crystal 20 located inter- 
mediately between the upper and lower glass plates 
16 and 18 in the liquid crystal aligning domains A and 
B extend parallel to the elongated strip-like shape. 
That is, molecules of the liquid crystal 20 located in- 
termediately between the upper and lower glass 
plates 16 and 18 in the liquid crystal aligning domains 
A and B extend in a plane parallel to the lines sepa- 
rating the liquid crystal aligning domains A and B and 
perpendicular to the sheet of Fig. 31 . The liquid crys- 
tal aligning domains A and B are preferably subdivid- 
ed by a boundary line extending parallel to the bus 
lines 30 or 32. 

As shown in Fig. 32, molecules of the liquid crys- 
tal 20 located intermediately between the upper and 
lower glass plates 16 and 18 in the liquid crystal align- 
ing domains A and B extend in an X-shape, when 
viewed from the side of the intermediate molecules, 
that is, from the arrow XXXII in Fig. 31 . The intermedi- 
ate molecules at the boundary of the liquid crystal 
aligning domains A and B must rise in opposite direc- 
tions, as represented by the arrows Aand B in Fig. 32, 
when the voltage is applied. In contrast, Fig. 33 shows 
that intermediate molecules in the liquid crystal align- 
ing domains A and B extend in an inverted V-shape 
with the edges thereof abutting each other. Such 
case may be obtained when the intermediate mole- 
cules in the liquid crystal aligning domains Aand B ex- 
tend in a plane perpendicular to the lines separating 
the liquid crystal aligning domains A and B and per- 
pendicular to the sheet of Fig. 31. 

Molecules of the liquid crystal 20 interact to pre- 
vent change in the position thereof. It is necessary to 



apply a sufficient force to overcome the interacting 
force. The arrangement of Fig. 32 is a structure hav- 
ing an elasticity of twist coefficient to deform the in- 
termediate molecules at the boundary of the liquid 
5 crystal aligning domains Aand B. The arrangement of 
Fig. 33 is a structure having an elasticity of bend coef- 
ficient to deform the intermediate molecules at the 
boundary of the liquid crystal aligning domains A and 
B. It is known that the elasticity of twist coefficient is 
10 generally smaller than the elasticity of bend coeffi- 
cient to deform the molecules. Accordingly, the inter- 
mediate molecules at the boundary of the liquid crys- 
tal aligning domains A and B of Fig. 31 can be de- 
formed with less energy than that of the other ar- 
ts rangements, and can be well aligned at the boundary 
of the liquid crystal aligning domains A and B. 

In addition, in the domain divided liquid crystal 
display device, there is a problem of disci i nation aris- 
ing at the boundary between the liquid crystal align- 
20 ing domain A and B. Fig. 34 shows the disclination D 
at the boundary between the liquid crystal aligning 
domain Aand B in a liquid display panel. The disclin- 
ation D appears as bright stripes in the normally white 
mode of the twisted nematic liquid crystal display de- 
25 vice, although such bright stripes cannot be seen di- 
rectly but will deteriorate the contrast ratio. 

Figure 35 shows the eighth embodiment of the 
present invention which strives to solve the disclina- 
tion. In this embodiment, a shading layer 40 is ar- 
30 ranged along the boundary line between the liquid 
crystal aligning domains A and B. This shading layer 
40 covers the disclination D of Fig. 34, and mitigates 
the reduction of the contrast brightness and darkness 
ratio. The shading layer 40 has a sufficient width of 
35 up to 10 microns because the width of disclination is 
less than 5 microns. Accordingly, u is possible to pro- 
vide a clear display. 

Figure 36 shows a detailed example of the shad- 
ing layer 40. The liquid crystal aligning domains Aand 
40 B are formed in the unit of the pixel electrode 24 sur- 
rounded by the data bus lines 30 and the gate bus 
lines 32, and the storage capacitance electrode 28 
extends along the boundary between the liquid crys- 
tal aligning domains Aand B, the storage capacitance 
45 electrode 28 also functions as the shading layer 40. 
Two transistors 34 are arranged in a redundant ar- 
rangement for each of the pixel electrode 24 in sym- 
metrical positions regarding the center line of the pix- 
el electrode 24. 
so As shown in Fig. 3, the storage capacitance elec- 

trode 28 is provided on the upper glass plate 18 in an 
overlapping relationship with the pixel electrode 24 
via an insulating layer. The storage capacitance elec- 
trode 28 is made from a conductive and opaque ma- 
ss terial such as aluminum or titanium. It is advisable to 
make the storage capacitance electrode 28 from the 
same material as the gate bus line 32 and simultane- 
ously with the gate bus line 32. Accordingly, it is pos- 
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sible to make the shading layer 40 in this example. 

Figure 37 shows another example of the shading 
layer 40. In this example, each of the liquid crystal 
aligning domains A and B is formed in the unit of the 
pixel electrode 24 surrounded by the data bus lines 
30 and the gate bus lines 32. The data bus lines 30 
and the gate bus lines 32 are formed in an overlap- 
ping relationship with the boundary between the liq- 
uid crystal aligning domains A and B and constituting 
the shading layer 40. Similar to this example, it is also 
possible to use at least a part of the data bus lines 30 
and the gate bus lines 32 as the shading layer 40, by 
adequately determining the disposition of the liquid 
crystal aligning domains A and B relative to the data 
bus lines 30 and the gate bus lines 32. 

Figure 38 shows another example of the shading 
layer 40. In this example, the liquid crystal aligning 
domains A and B are formed in an elongated strip-like 
shape, as shown in Fig. 31. The data bus lines 30 are 
formed in an overlapping relationship with the bound- 
ary between the liquid crystal aligning domains A and 
B and constituting the shading layer 40. 

Figure 39 shows another example of the shading 
layer 40. In this example, the shading layer 40 is 
formed on the lower glass plate 16. The lower glass 
plate 16 has a color filter 19 with color portions 19a 
(R, G, and B), and a black matrix 1 9b surrounding the 
color portions 19a. The shading layer 40 corresponds 
to a portion of the black matrix 19b extending be- 
tween the liquid crystal aligning domains A and B. 

Figure 40 shows another example of the shading 
layer 40. In this example, first parallel shading layers 
40 are formed on the lower glass plate 16 at a prede- 
termined pitch and second parallel shading layers 41 
are formed on the upper glass plate 18 at a predeter- 
mined pitch. The second shading layers 41 are shifted 
from the respective first shading layers 40. In the ex- 
ample, the thickness of the liquid crystal 20 is 5 mi- 
crons, the gap between the shading layers 40 and 42 
is 30 microns. 

Figure 41 shows the liquid crystal aligning do- 
mains A and B having bright viewing angles and the 
dark viewing angles. The arrows in Fig. 41 corre- 
spond to the directions of the arrows L, U and C in Fig. 
6A. As will be apparentfrom the foregoing description, 
in the liquid crystal aligning domains A, the lower 
viewing angle provides a characteristic of the curve L 
of Fig. 6B in which the display is bright, and the upper 
viewing angle provides a characteristic of the curve U 
in which the display is dark. The liquid crystal aligning 
domain B has a reverse characteristic and the domain 
divided liquid crystal display device realizes the aver- 
age brightness of the curve I. 

The curve I of Fig. 6B approaches the curve C 
more than the curves L and U, but still has a higher 
transmittance than the curve C. Therefore, the dis- 
play is whitish when viewed from below or from above. 
The shading layers 40 and 41 of Fig. 40 cannot only 



cover the disclination but also serve to improve the 
contrast ratio of the liquid crystal display device of 
Fig. 41. 

In Fig. 40, supposing the light is incident from be- 

5 tow in the direction of the arrow L and the operator 
views the display from above, the display of the liquid 
crystal aligning domains A seems dark and the dis- 
play of the liquid crystal aligning domains B seems 
bright. An aperture of the liquid crystal aligning do- 

10 mains A having a dark characteristic is defined be- 
tween the shading layers 40 and 41; the aperture be- 
ing widened to 40 microns, which is larger than the 
normal gap of 30 microns. Conversely, an aperture of 
the liquid crystal aligning domains B having the bright 

15 characteristic is defined between the shading layers 
40 and 41, the aperture being narrowed to 20 mi- 
crons, which is smaller than the normal gap of 30 mi- 
crons. The average of the characteristics of the 
curves L and U is compensated by the dark side and 

20 improves the whitish display. It is possible to use the 
storage capacitance electrode 28 and bus lines for 
the shading layer 40, and the black matrix for the 
shading layer 41. 

Figure 42 shows that the shading layers 40 and 

25 41 can be arranged at positions spaced from the inner 
surface of the glass plates 16 and 18 to optionally de- 
termine an oblique aperture 43 between the shading 
layers 40 and 41. 

Figures 43 and 44 show the ninth embodiment of 

30 the present invention. In this embodiment, the liquid 
crystal aligning domain A and B are subdivided by a 
third liquid crystal aligning domain C in which mole- 
cules of the liquid crystal 20 are aligned in a different 
manner from molecules of the liquid crystal 20 in the 

35 first and second liquid crystal aligning domains A and 
B. As shown in Figs. 44 and 49, in the third liquid crys- 
tal aligning domain C, the upper and lower alignment 
layers 26 and 22 are treated differently from the liquid 
crystal aligning domains Aand B. In the embodiment, 

40 a portion 22p of the lower alignment layer 22 and a 
portion 26p of the upper alignment layer 26 corre- 
sponding to the third liquid crystal aligning domain C 
are treated so that molecules of the liquid crystal 20 
rise easily to the greatest extent. Since the disclina- 

45 tion occurs because molecules of the liquid crystal 20 
at the boundary between the liquid crystal aligning 
domains A and B do not rise easily, it is possible to de- 
crease the disclination by arranging this portion so 
that molecules of the liquid crystal rise easily. 

so Figures 45 and 46 show an example of the ar- 

rangement in which molecules of the liquid crystal 
rise easily. In this example, a portion 22p of the lower 
alignment layer 22 and a portion 26p of the upper 
alignment layer 26 corresponding to the third liquid 

55 crystal aligning domain C are treated so that these 
portions 22p and 26p have a restricting force that is 
weak in a direction parallel to the alignment layers 22 
and 26. 
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Figures 47 and 48 show an exampl of th ar- 
rangement in which molecules of the liquid crystal 
rise easily. In this example, a portion 22p of the lower 
alignment layer 22 and a portion 26p of the upper 
alignment layer 26 corresponding to the third liquid 
crystal aligning domain C are treated so that these 
portions 22p and 26p have a perpendicular alignment 
treatment (homeotropic) so that molecules of the liq- 
uid crystal 20 align perpendicular to the alignment 
layers 22 and 26. In this case, a perpendicular align- 
ment material such as a silane coupling agent can be 
used. 

Figure 50 shows the tenth embodiment of the 
present invention. In this embodiment, the upper 
aligning layer 26 has a portion 26p projecting toward 
the liquid crystal 20 along the boundary between the 
liquid crystal aligning domains A and B, and the lower 
aligning layer 22 has a portion 22p correspondingly 
depressed from the liquid crystal 20 along the bound- 
ary between the liquid crystal aligning domains A and 
B. 

The liquid crystal 20 has a tendency to align de- 
pending on the surface shape of a structure that the 
liquid crystal 20 contacts. Accordingly, as shown in 
Fig. 50, molecules of the liquid crystal 20 located near 
the respective glass plate 16 and 18 at the corners of 
the portions 22p and 26p are aligned obliquely to the 
corners of the portions 22p and 26 p and this align- 
ment coincides with the alignment caused by the rub- 
bing directions. Accordingly, the portions 22p and 26p 
of the alignment layers 22 and 26 help the alignment 
of the liquid crystal 20 to improve the behavior of the 
liquid crystal 20 at the boundary between the liquid 
crystal aligning domains A and B. 

Figure 51 shows an example of forming the irreg- 
ular portions 22p and 26p. The storage capacitance 
electrode 28 is arranged at the boundary between 
the liquid crystal aligning domains A and B in an over- 
lapping relationship with the pixel electrode 24 via the 
insulating layer 60, with the alignment layer 26 being 
deposited on the pixel electrode 24. As can be seen, 
the storage capacitance electrode 28 projects on the 
upper glass plate 18, and the pixel electrode 24 and 
the alignment layer 26 correspondingly project. Thus 
the projecting portion 22p is formed. It is possible to 
provide a projection 28a on the storage capacitance 
electrode 28 to fit the projecting portions 22p into a 
desired shape. Also, it is possible to use the data and 
gate bus lines 30 and 32 on the projecting portions 
22p of the alignment layer 26. The lower glass plate 
16 has the color filter 19 having discontinuously ar- 
ranged color portions 19a. The color filter 19 is cov- 
ered by the overcoating layer 61 on which the com- 
mon electrode 21 and the lower alignment layer 22 
are deposited. There is a gap between the color por- 
tions 19a and the depressing portion 22a of the align- 
ment layer 22 formed at this gap. 

Figures 52 to 54 show the eleventh embodiment 



of the present invention. In this embodiment, one pix- 
el electrode 24 is a unit region forming the liquid crys- 
tal aligning domains A and B and subdivided into two 
sub-pixel electrodes 24a spaced by a predetermined 

5 gap 46 therebetween. The sub-pixel electrodes 24a 
are connected to the data bus lines 30 via the tran- 
sistors 34, respectively. As described with reference 
to Fig. 1 8, the alternating voltage V 30 is applied to the 
data bus lines 30 and thus to the sub-pixel electrode 

10 24a to form an electric field between the pixel elec- 
trode 24 and the common electrode 21 . Fig. 53 shows 
lines of electric force when the sub-pixel electrodes 
24a are supplied with voltage of the same polarity, 
and Fig. 54 shows lines of electric force when the sub- 

15 pixel electrodes 24a are supplied with voltage of dif- 
ferent polarity (the peak and the valley of the alter- 
nating voltage V 30 ). In each case, there are oblique 
lines of electric force that serve to align molecules of 
the liquid crystal 20, in a manner described with ref- 

20 erence to Fig. 13. 

Figure 55 shows a modification of the arrange- 
ment of Fig. 52. In this example, the pixel electrode 
24 comprises two sub-electrodes 24b and 24c. The 
sub-pixel electrode 24c has a smaller area than that 

25 of the sub-pixel electrode 24b and overlaps on the 
sub-pixel electrode 24b via an insulating layer 47 so 
that lines of electric force appear oblique to the sub- 
pixel electrodes 24b and 24c. 

Figure 56 to 57B show the twelfth embodiment of 

30 the present invention. In this embodiment, the liquid 
crystal display device comprises a plurality of unit re- 
gions each of which is divided into two liquid crystal 
aligning domains A and B. Each of the liquid crystal 
aligning domains A and B is subdivided into third and 

35 fourth sub-domains X and Y having different thresh- 
old voltages. That is, the liquid crystal aligning do- 
main A includes sub-domains AX and AY having dif- 
ferent threshold voltages, and the liquid crystal align- 
ing domain B includes sub-domains BX and BY hav- 

40 ing different threshold voltages. 

Figure 57A shows a cross-sectional view of the 
sub-domain X and Fig. 57B shows a cross-sectional 
view of the sub-domain Y. In Fig. 57 A, there are the 
lower alignment layer 22 on the common electrode 

45 21, and the upper alignment layer 26 on the pixel 
electrode 24. In this case, the threshold voltage of the 
liquid crystal 20 is determined by the total dielectric 
constantof the liquid crystal 20 and the alignment lay- 
ers 22 and 26. In Fig. 57B, there are the lower align- 
so ment layer 22 on the common electrode 21 , and the 
upper alignment layer 26 on the pixel electrode 24 via 
a dielectric layer 48. In this case, the threshold vol- 
tage of the liquid crystal 20 is determined by the total 
dielectric constant of the liquid crystal 20, the align- 

55 ment layers 22 and 26 and the dielectric layer 48. Ac- 
cordingly, the threshold voltage of the liquid crystal 
20 in the sub-domain X differs from that in the sub- 
domain Y. 
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Fig. 58 shows the characteristic of the viewing 
angle when viewed from the front, normal to the dis- 
play. The broken curve C corresponds to the curve 
C in Fig. 6B. The broken curves J and K show the 
characteristic of the sub-domains X and Y, respective- 
ly, when viewed from the same direction as of the 
broken curve C. In Fig. 59, the broken curves M and 
N show the characteristic of the viewing angle of the 
sub-domains X and Y, when viewed from below, i.e., 
from the direction corresponding to the broken curve 
L in Fig. 6B. 

In Fig. 56, the areas of the first and second liquid 
crystal aligning domains A and B are the same. The 
areas of the third and fourth sub-domains X and Y in 
each of the liquid crystal aligning domains Aand B are 
different In the embodiment, the area of the third 
sub-domain X having the first threshold voltage is 
larger than the area of the fourth sub-domain Y hav- 
ing the second threshold voltage, the ratio of the 
areas being 5 to 4. Accordingly, if the 1 00 percent light 
passes through the third sub-domain X, the 80 per- 
cent light transmits the fourth sub-domain Y, which is 
reflected in Figs. 58 and 59 where the curves J and 
M have higher values when the voltage is low. 

In addition, the fourth sub-domain Y, which has 
a smaller area than that of the third sub-domain X, 
has a higher threshold voltage than that of the third 
sub-domain X In the embodiment, the ratio of the 
threshold voltage is 1 to 1 .2. Since the fourth sub-do- 
main Y having the higher threshold voltage is one 
having the dielectric layer 48, the effective voltage 
applied to the liquid crystal 20 becomes low com- 
pared with the case in which the same voltage is ap- 
plied to the third sub-domain X. To have the higher 
threshold voltage means to shift the characteristic 
curve of the transmittance versus the voltage toward 
the high voltage region. 

Accordingly, the broken curves K and N of the 
characteristic of the fourth sub-domain Y having a 
smaller area and higher threshold voltage have lower 
transmittance values at the low voltage region, and 
then higher transmittance values with an increase in 
the voltage, compared with the broken curves J and 
M of the characteristic of the third sub-domain X, hav- 
ing a larger area and lower threshold voltage. The 
curves J and K, and M and N approach each other 
and cross. 

In Fig. 59. the average of the broken curves M 
and N showing the characteristic of the low viewing 
angle is the broken curve L0, which is closer to the 
broken line C showing the characteristic of the normal 
viewing angle than the broken curve L of Fig. 6B 
where the liquid crystal aligning domains A and B are 
not subdivided into third and fourth sub-domains X 
and Y. Similarly, a compensating curve (not shown) 
showing the characteristic of the high viewing angle 
becomes closer to the broken line C showing the 
characteristic of the normal viewing angle than the 



broken curve U. Accordingly, the average curve of 
the broken curve L0 and the compensating curve is 
closer to the solid curve I of Fig. 6B, and smoother 
than the solid curve I thereby canceling the lobes of 
5 the solid curve I. Accordingly, it is possible to further 
improve the characteristic and the contrast ratio. 

Figure 60 shows the thirteenth embodiment of 
the present invention. In Fig. 56, the liquid crystal 
aligning domains A and B are divided longitudinally, 
10 and the third and fourth sub-domains X and Y are 
subdivided laterally. In this example, the liquid crystal 
aligning domains A and B are divided longitudinally, 
and the third and fourth sub-domains X and Y are 
subdivided into a peripheral portion and a central por- 
ts tion of the liquid crystal aligning domains A and B. 

Figure 61 shows the fourteenth embodiment of 
the present invention. In this embodiment, each of 
the minute unit regions includes third and fourth dif- 
ferent liquid crystal aligning domains C and D in ad- 
20 dttion to the first and second different liquid crystal 
aligning domains Aand B. The liquid crystal of the first 
and second different liquid crystal aligning domains A 
and B a twisting nature in the direction of one of left- 
turning and right-turning. The liquid crystal of the 
25 third and fourth different liquid crystal aligning do- 
mains C and D has a twisting nature in the direction 
of the other of left-turning and right-turning. 



30 Claims 

1 . A liquid crystal display device comprising: 

first and second opposed plates having 
facing inner surfaces; 
35 a first electrode means and a first align- 

ment layer means arranged on the inner surface 
of the first plate; 

a second electrode means and a second 
alignment layer means arranged on the inner 
40 surface of the second plate; 

a liquid crystal inserted between the first 
and second plates and having a twisting nature 
between the first and second plates; 

the first and second alignment layer 
45 means forming in pairs a plurality of minute unit 

regions each of which is subdivided into first and 
second different liquid crystal aligning domains; 
and 

the first and second alignment layer 
so means being arranged and treated so that, in at 

least the first liquid crystal aligning domain, mol- 
ecules of the liquid crystal near the first align- 
ment layer means are aligned along a first line 
with a first pretilt direction and a first pretilt angle 
55 and molecules of the liquid crystal near the sec- 

ond alignment layer means are aligned along a 
second line perpendicular to the first line with a 
second pretilt direction and a second pretilt angle, 
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the second pretilt direction being generally oppo- 
site to the first pretilt direction and the first pretilt 
angle being larg r than the second pretilt angl 
whereby molecules of the liquid crystal located 
intermediately between the first and second s 
plates rise in accordance with the first pretilt an- 
gle when the voltage is applied between the first 
and second electrode means. 

A liquid crystal display device according to claim w 
1, wherein the first and second alignment layer 
means are treated by rubbing. 

A liquid crystal display device according to claim 

1, wherein the liquid crystal comprises a twisted 15 

nematic type liquid crystal. 

A liquid crystal display device according to claim 
1, wherein the difference between the first and 
second pretilt angle is larger than two degrees. 20 

A liquid crystal display device according to claim 
1, wherein the first alignment layer means is ar- 
ranged and treated so that molecules of the liquid 
crystal near the first alignment layer means in 25 
said first liquid crystal aligning domain are 
aligned along the first line with the first pretilt di- 
rection and the first pretilt angle and molecules of 
the liquid crystal near said first alignment layer 
means in the second liquid crystal aligning do- 30 
main are aligned along the first line with the sec- 
ond pretilt direction and the first pretilt angle; and 
wherein the second alignment layer 
means is arranged and treated so that molecules 
of the liquid crystal near the second alignment 35 
layer means in both the first and second liquid 
crystal aligning domains are aligned along the 
second line with the second pretilt direction. 

A liquid crystal display device according to claim 40 
5, wherein the second alignment layer means is 
arranged and treated so that molecules of the liq- 
uid crystal near the second alignment layer 
means in both the first and second liquid crystal 
aligning domains are aligned substantially at the 45 
second pretilt angle. 

A liquid crystal display device according to claim 
1, wherein the first alignment layer means is ar- 
ranged and treated so that molecules of the liquid so 
crystal nearthe first alignment layer means in the 
first liquid crystal aligning domain are aligned 
along the first line with the first pretilt direction 
and the first pretilt angle and molecules of the liq- 
uid crystal near the first alignment layer means in 55 
the second liquid crystal aligning domain are 
aligned along the first line with the first pretilt di- 
rection and the second pretilt angle; and 



wherein the s cond alignment layer 
means is arranged and treated so that molecules 
of the liquid crystal near the second alignment 
layer means in the first liquid crystal aligning do- 
main are aligned along the second line with the 
second pretilt direction and the second pretilt an- 
gle and molecules of the liquid crystal near the 
second alignment layer means in the second liq- 
uid crystal aligning domain are aligned along the 
second line with the second pretilt direction and 
the first pretilt angle. 

8. A liquid crystal display device according to claim 
1, wherein the first alignment layer means is ar- 
ranged and treated so that molecules of the liquid 
crystal near the first alignment layer means in the 
first liquid crystal aligning domain are aligned 
along the first line with the first pretilt direction 
and the first pretilt angle and molecules of the liq- 
uid crystal nearthe first alignment layer means in 
the second liquid crystal aligning domain are 
aligned along the first line with the first pretilt di- 
rection and a third pretilt angle, the third pretilt 
angle being smaller than the second pretilt angle; 
and 

wherein the second alignment layer 
means is arranged and treated so that molecules 
of the liquid crystal near the second alignment 
layer means both in the first and second liquid 
crystal aligning domains are aligned along the 
second line with the second pretilt direction and 
the second pretilt angle. 

9. A liquid crystal display device according to claim 
1 , wherein the first alignment layer means is ar- 
ranged and treated so that molecules of t Lib liquid 
crystal near the first alignment layer means in th 
first liquid crystal aligning domain are aligned 
along the first line with the first pretilt direction 
and the first pretilf angle and molecules of the liq- 
uid crystal nearthe first alignment layer means in 
the second liquid crystal aligning domain are 
aligned along the first line with the second pretilt 
direction; and 

wherein the second alignment layer 
means is arranged and treated so that molecules 
of the liquid crystal near the second alignment 
layer means both in the first and second liquid 
crystal aligning domains are aligned along the 
second line with the second pretilt direction and 
the second pretilf angle. 

10. A liquid crystal display device according to claim 
1, wherein at least one of the first and second 
alignment layer means comprises a first align- 
ment layer laminated on the associated plate and 
a s cond alignment layer laminated on the first 
alignment layer and having openings corre- 
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sponding with one of the first and second liquid 
crystal aligning domains. 

11. A liquid crystal display device according to claim 

10, wherein the laminated first and second align- 5 
ment layers are simultaneously treated by rub- 
bing. 

12. A liquid crystal display device according to claim 

10, the second alignment layer is treated by rub- 10 
bing, then the first alignment layer is treated by 
rubbing after the second alignment layer is 
masked and the openings are formed on the sec- 
ond alignment layer. 

15 

13. A liquid crystal display device according to claim 
10, wherein the first alignment layer comprises 
an inorganic material and the second alignment 
layer comprises an organic material. 

20 

14. A liquid crystal display device according to claim 
10, wherein the first and second alignment layers 
comprise organic materials having different liquid 
crystal aligning characteristics. 

25 

15. A liquid crystal display device according to claim 
1, wherein one of the first and second alignment 
layer means comprises one of the first and sec- 
ond electrode means, which is treated by rub- 
bing, and the other alignment layer means com- 30 
prises an alignment layer laminated on the other 
electrode means. 

16. A liquid crystal display device according to claim 

1, wherein each of the first and second alignment 35 
layer means comprises an alignment layer lamin- 
ated on the respective electrode means and hav- 
ing openings corresponding with one of the first 
and second liquid crystal aligning domains. 

40 

17. A liquid crystal display device according to claim 
1, wherein at least one of the first and second 
alignment layer means comprises an alignment 
layer and a lower structure to which the alignment 
layer is laminated with an adhesive force; the ex- 45 
tent of adhesion of the alignment layer to the low- 
er structure being varied for the first and second 
liquid crystal aligning domains for changing the 
pretilt angles thereat 

50 

18. A liquid crystal display device according to claim 
17, wherein the lower structure comprises an ad- 
hesion improving agent by which the extent of ad- 
hesion is varied. 

55 

19. A liquid crystal display device according to claim 
17, wherein the lower structure is subjected to a 
surface treatment by which the extent of adhe- 



sion is varied. 

20. A liquid crystal display device according to claim 
1, wherein one of the first and second electrode 
means comprises a common electrode and the 
other electrode means comprises a plurality of 
pixel electrodes, bus lines, and active transistors 
connected between the pixel electrodes and the 
bus lines, respectively. 

21. A liquid crystal display device according to claim 
20, wherein the first and second liquid crystal 
aligning domains are subdivided by a boundary 
line extending on the substantial center line of 
each of the pixel electrodes. 

22. A liquid crystal display device according to claim 
20, wherein the first and second liquid crystal 
aligning domains are subdivided by a boundary 
line extending on the bus line, and the first and 
second alignment layer means are arranged and 
treated so that molecules of the liquid crystal 
near the first alignment layer means in the first 
liquid crystal aligning domain rise toward the bus 
line. 

23. A liquid crystal display device according to claim 
20, wherein the first and second liquid crystal 
aligning domains are formed in an elongated 
strip-like shape so that molecules of the liquid 
crystal located intermediately between the first 
and second plates in the first and second liquid 
crystal aligning domains extend parallel to the 
elongated strip-like shape. 

24. A liquid crystal display device according to claim 
23, wherein the first and second liquid crystal 
aligning domains are subdivided by a boundary 
line extending parallel to the bus lines. 

25. A liquid crystal display device according to claim 
20, wherein the first and second liquid crystal 
aligning domains are subdivided by a boundary 
line, and a shading layer is arranged along the 
boundary line. 

26. A liquid crystal display device according to claim 
25, wherein said device further comprises a stor- 
age capacitance electrode in an overlapping re- 
lationship with the pixel electrode, the storage 
capacitance electrode constituting the shading 
layer. 

27. A liquid crystal display device according to claim 
25, wherein at I ast a part of the bus lines are ar- 
ranged so as to constitute the shading layer. 

28. A liquid crystal display device according to claim 
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25, wherein one of the first and second plates has 
bus lines arranged in a matrix, and the other plate 
has the shading layer. 

29. A liquid crystal display device according to claim 5 
25, wherein the shading layer comprises a black 
matrix. 

30. A liquid crystal display device according to claim 

25, wherein one of the first and second plates has 10 
first shading layers extending parallel to each 
other at a predetermined pitch, and the other 
plate has second shading layers extending paral- 
lel to each other at a predetermined pitch and 
shifted from the respective first shading layers. 15 

31. A liquid crystal display device according to claim 
1, wherein the first and second liquid crystal 
aligning domains are subdivided by a third liquid 
crystal aligning domain in which molecules of the 20 
liquid crystal align in a different manner from mol- 
ecules of the liquid crystal in the first and second 
liquid crystal aligning domains. 

32. A liquid crystal display device according to claim 25 
31 , wherein molecules of the liquid crystal in the 
third liquid crystal aligning domain rise to a great- 
er extent than those in the first and second liquid 
crystal aligning domains. 

30 

33. A liquid crystal display device according to claim 
1, wherein one of the first and second aligning 
layer means has a portion projecting toward or 
depressing from the liquid crystal along a bound- 
ary between the first and second liquid crystal 35 
aligning domains, and the other of the first and 
second aligning layer means has a portion corre- 
spondingly depressed from or projecting toward 

the liquid crystal along the boundary between 

the first and second liquid crystal aligning do- 40 

mains. 

34. A liquid crystal display device according to claim 
33, wherein said device further comprises a stor- 
age capacitance electrode in an overlapping re- 45 
lationship with the pixel electrode; the storage 
capacitance electrode being arranged at the 
boundary between the first and second liquid 
crystal aligning domains thereby causing said 
portion of the first and second aligning layer so 
means to project toward the liquid crystal. 

35. A liquid crystal display device according to claim 
33, wherein said device further comprises a color 
filter having disco ntinuously arranged color por- 55 
tions; the discontinuity of the color filter causing 
said portion of the first and second aligning layer 
means to be depressed from the liquid crystal. 



36. A liquid crystal display device according to claim 
20, wherein the unit region having the first and 
second liquid crystal aligning domains therein 
has an area of one pixel with two electrodes, and 
each of the electrodes is connected to different 
active elements arranged at symmetrical posi- 
tions regarding the center of the unit region. 

37. A liquid crystal display device according to claim 
20, wherein, in the unit ragion, each of the elec- 
trodes is subdivided into two sub-electrodes 
spaced a predetermined gap therebetween so 
that lines of electric force appear obliquely to th 
sub-electrodes. 

38. A liquid crystal display device according to claim 
20, wherein, in the unit region, each of the elec- 
trodes has another electrode, having a smaller 

area than that of the electrode and overlapping ) 
on the electrode via an insulating layer so that 
lines of electric force appear obliquely to the elec- 
trodes which are generally pixel or common elec- 
trodes. 

39. A liquid crystal display device according to claim 
1, wherein each of the first and second liquid 
crystal aligning domains is subdivided into two or 
more sub-domains having different threshold vol- 
tages. 

40. A liquid crystal display device according to claim 

39, wherein one of the first and second liquid 
crystal aligning domains has substantially the 
same area as that of the other liquid crystal align- 
ing domain, and one of the sub-domains has an 
area different from that of the other sub-domain 
in the same liquid crystal aligning domain. 

) 

41. A liquid crystal display device according to claim 

40, wherein one of the sub-domains which has a 
smaller area than that of the other sub-domain 
and a higher threshold voltage than that of the 
other sub-domain. 

42. A liquid crystal display device according to claim 
1, wherein each of the minute unit regions in- 
cludes third and fourth different liquid crystal 
aligning domains in addition to the first and sec- 
ond different liquid crystal aligning domains; the 
liquid crystal of the first and second different liq- 
uid crystal aligning domains has a twisting nature 
in one of the left-turning and right-turning direc- 
tion and the liquid crystal of the third and fourth 
different liquid crystal aligning domains has a 
twisting nature in the remaining of left-turning 
and right-turning direction. 

43. A liquid crystal display device comprising: 
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first and second opposed plates having 
facing inner surfaces; 

a first electrode means and a first align- 
ment layer means arranged on the inner surface 
of the first plate; s 

a second electrode means and a second 
alignment layer means arranged on the inner 
surface of the second plate; 

a liquid crystal inserted between the first 
and second plates and having a twisting nature 10 
between the first and second plates; 

the first and second alignment layer 
means forming in pairs a plurality of minute unit 
regions each of which is subdivided into first and 
second different liquid crystal aligning domains 15 
such that molecules of the liquid crystal located 
intermediately between the first and second 
plates in the first liquid crystal aligning domains 
are aligned in a first pretilt direction and mole- 
cules of the liquid crystal located intermediately 20 
between the first and second plates in the sec- 
ond liquid crystal aligning domains are aligned in 
a second pretilt direction opposite the first pretilt 
direction; and 

the first and second liquid crystal aligning 25 
domains being subdivided by a boundary line, 
and a shading layer being arranged along the 
boundary line. 



44. A liquid crystal display device according to claim 30 
43, wherein said device further comprises a stor- 
age capacitance electrode in an overlapping re- 
lationship with the pixel electrode, the storage 
capacitance electrode constituting the shading 
layer. 35 



45. A liquid crystal display device according to claim 
43, wherein at least some of the bus lines are ar- 
ranged so as to constitute the shading layer. 

40 

46. A liquid crystal display device according to claim 
43, wherein one of the first and second plates has 
bus lines arranged in a matrix, and the other plate 
has the shading layer. 

45 

47. A liquid crystal display device according to claim 
43, wherein the shading layer comprises a black 
matrix. 



48. A liquid crystal display device according to claim so 
43, wherein one of the first and second plates has 
first shading layers extending parallel to each 
other at a predetermined pitch, and the other 
plate has second shading layers extending paral- 
lel to each other at a predetermined pitch and 55 
shifted from the respective first shading layers. 
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(g) Domain divided liquid crystal display device. 

(g) A liquid crystal display device comprising 
different liquid crystal aligning domains (A,B) in 
each of a plurality of unit regions for improving 
a characteristic of a viewing angle. In at least 
one of the liquid crystal aligning domains, 
molecules of the liquid crystal near the first 
alignment layer are aligned in a first pretilt 
direction and at a first pretilt angle (a) and 
molecules of the liquid crystal near the second 
alignment layer are aligned in a second pretilt 
direction generally opposite the first pretilt di- 
rection and at a second pr tilt angle (3). The 
first pretilt angle (a) is larger than the second 
pretilt angle (3) so that molecules of the liquid 
crystal located intermediately between the first 
and second plates rise in accordance with the 
first pretilt angle when voltage is applied. This 
f ature can b wid ly used in combination with 
a suitably select d arrang ment of th other 
liquid crystal aligning domain for reducing rub- 
bing steps and photolithography steps. 
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LACK OF UNITY OF INVENTION 



The Search Oivision considers thai tn« pr«»«nt European patent application does not aompiy with the requirement of unity of 

invention and relates to several inventions or groups of invenbons. 

namely: 



1. Claims 1-42 : 

Two-domain TN-LCD, the orientation layers thereof being 
subjected to alignment (rubbing) treatment, the indivi- 
dual pixel being divided in two different LC aligning 
domains (A,B) , whereby f in at least one of the domains 
(A) , a first (UP) orientation layer is so treated that 
LC molecules align along a first line (26a) with a first 
pretilt angle (<>) in a first pretilt direction, a second 
(DOWN) orientation layer is so treated that LC molecules 
align along a second line (22a) with a second pretilt 
angle (ft) in a second pretilt direction opposite to the 
first pretilt direction, the first pretilt angle being 
larger than the second pretilt angle (#>/3) . 
(figures 1,8) 

2. Claims 43-48 : 

Two-domain TN-LCD , the orientation layers thereof being 
subjected to alignment (rubbing) treatment, the individual 
pixel being divided in two different LC aligning domains 
(A,B), a surface disclination line appearing at the 
boundary line of the two domains, whereby a shading 
layer (40) (e.g. a black matrix) is arranged along the 
boundary line, 
(figure 35) . 
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